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716 Dr. J. S. G. Thomas on a )Tull-D~exion 
In conclusion it may b~sai'd that the evidence for the exact 
integral relationship between the quanta characteristic of 
atoms and the quanta characteristic of the molecules formed 
hy the combination ofthese atoms is well-nigh overwhelming. 
The hesitation to ;mcept the existence or" a fundamental 
atomic qtlantum of energy, possibly that associated with the 
atom of hydrogen, must surely give way before the experi- 
mental evidence now adduced. Whilst admitting that nay 
previous results may by some freak of nature have been 
coincidences in spite of their number, I feel that the more 
recent work gives extraordinary suppor~ to my original 
hypothesis of the least common multiple principle. 
LXIV. A ~_Vull-Deflexion Constant CurreJtt Type of Hot- 
Wire Anemometer, jbr use in the J)etermination of Slow 
Rates of.Flow of Gases, tog.ether with an JTnvestiqation of tl~e 
JEffect of the Free Convectzon Current upon such ]_)etermi- 
nations. By J. S. G. THOMAS, f).Sc.(Lond.), B.Sc. 
(Wales), A.R.C.S., A .L  C., Senior Physicist, So~th Metro- 
politan Gas Company, London *. 
Introductions. 
I T was pointed out in a recent communication t, that the laws governing the convection of heat from fine heated 
-wires are such as to indicate the hot-wire anemometer as 
ore-eminently the type of instrument to be employed in the 
investigation;~ of slow rates ot ~ flow of gases. Employing the 
Morris type of hot-wire anemometer in such investigations, 
difficulties are encountered owing to the existence of the 
free convection current arising from the heated wire. In 
recent papers ~, the author has discussed a type of directional 
hot-wire anemometer, in which these difficulties are largely 
obviated, and by the use of which the range of application 
of the hot-wire anemometer may be extended to the investi- 
g:ltion of very slow-moving streams of gas. The sole 
uncompensated effect arising from the existence of the free 
convection current in the directional type of instrument 
referred to. is due to the difference in the magnitudes of the 
* Communicated bv the Author. 
"~ Phil. Mag. vol. x'ii. p. 240 (1921). 
Phil. Mag. vol. xxxix, pp. 525-527 (19'20); vol. xl. pp. 640--655 
(1920) ; Prec. Phys. Soc, vol. xxxil. Part 3, pp. 196-207 (1920). 
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Constant Current Tgpe of Hot- Wire Anemometer. 717 
respective free convection currents arising from the two 
exposed wires owing to their small difference of temperature 
when exposed to the convective ffect of an impressed 
stream ot" gas. 
In the type of hot-wire anemometer investigated in detail 
by King +, the heat-loss from the wire due to forced con- 
vection was ascertained by adjusting a measured current 
through the wire so as to bring its resistance to a value 
corresponding to a predetermined temperature. A Kelvin 
double bridge was employed, and the arm opposite the 
sensitive xposed platinum arm was of manganin of negli- 
gible temperature coefficient. In the Morris type of instru- 
ment, the arm of the bridge opposite to the exposed arm is 
constituted of a wire similar in all respects to the latter, but 
shielded by means of a sm'rounding tube from the cooling 
effect of any impressed gas stream. It is clear that, with 
this latter arrangement, the balanced condition of the bridge 
is, except in so far as a difference xists in the respective 
free convection currents from the two wires owing to their 
different respective dispositions to their immediate sur- 
roundings, independent of the actual temperature of the 
fluid medium in their neighbourhood, so long as this temper- 
ature is the same in each case. it  has, however, been shown 
by the author j~, that the balanced condition of the bridge is, 
owing to the difference in the cooling effects experienced by 
the exposed and shielded wires, due to their respective free 
convection currents, dependent to some extent upon the 
heating current e:nployed in the bridge. It appeared, there- 
fore, desirable to investigate the possibility of constructing 
a null-deflexion type of hot-wire anemometer in which the 
bridge current was maintained constant, the deflexion 
produced by an impressed gas stream being annulled other- 
wise than by increasing the heating .current hrough the 
arm of the bridge exposed to the stream. The present paper 
details ome of the results obtained in the course of such an 
investigation. 
In a previous paper :~, attention has been directed to the 
fact that the resistance of a fine heated wire varies con- 
siderabty when the wire, through which a constant current 
passes, is ineiined at various inclinations to the horizontal. 
* Phil. Trans. A. 520, vol. ccxiv, p. 385 (1914). 
~- Phil. Mag. vol. xxxix, pp. 511,528, fig. 16 (1920). 
,+ Prec. Phys. See. re1. xxxii, part 5, pp. 291-314 (1920). Also Phil. 
l~Iag, re1. xl. lee. cir. 
_Phil. Mag. S. 6. Vol. 41. No. 245. May 1921. 3 B 
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718 Dr. J. S. G. Thomas on a _hTull-Deflexion 
With the wire horizontally disposed, the free convection 
current passes immediately away from the wire, whereas 
with the wire set vertically, the wire is laved by its free 
convection current whereby the beat-loss, owing to this 
current, is materially reduced. With variations in the 
inclination of the wiie between the two positions pecified, 
it is clear that the cooling the wire experiences also varies. 
]t follows, therefore, that up to a limit of the velocity of the 
impressed stream of gas, possibly del)endent upon the value 
of the heating current employed, the loss of heat from a 
horizontally disposed wire exposed to the cooling action of 
an impressed stream may be compensated for, maintaining 
the heating current in the wire constant, by rotation of the 
wire from its original horizontal position, whereby the heat- 
loss due to free convection is reduced so as to compensate for 
the thermal oss due to the impressed stream. The following 
experimental rrangement was employed :-- 
U H 
B ,w,  
i--=.to 
mK ~ 
P P 
v H U 
~ / 
Apparatus. 
Fig. 1 shows the anemometer-tube employed which was 
inserted in the flow tube of equal bore by means of the spigot 
unions S.S.  A represents the exposed platinum wire, and 
B the shielded wire, cut from the same specimen as A, and 
surrounded by the shielding tube T. The ends of the respec- 
tive wires are connected by means of short lengths of thick 
r wires to the screw terminals O, C. The mode of 
insertion of the wires A and B in the anemometer-tube is 
similar to tha~ described in previous papers. The anemo- 
meter-tube was made in two separate sections, DE and 
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Constant Current ~pe of IZot- ~ire Anemometer. 719 
FG, the ends of which were carefully turlmd so as to be 
accurately at right angles to the axis of the tube. The ends 
o~' these sections were likewise carefully turned so as to 
afford a good sliding fit into the sockets K, K, K shown, 
and the tubes could be separately rotated axially. No differ- 
rime in the anemometer readings corresponding to a given 
lClow could be detected whether the outer portions of these 
sockets were sealed with w,x or not. Tile small screws M, 
tile ends of whi~.h moved in triangular grooves cut at right 
augles to the axis of the tube as shown, served as guides 
during rotation of the tubes. After rotation, the positions of 
the tubes were sectlred by means of the screws H. (Althotvgh 
the d i~ram shows only a sillgle screw M and a single 
screw H at each of the sockets, it may be mentioned that 
actually in every case three screws disposed radially at 
aug]es of 120 ~ were used.) The inclination of either wire 
A or B to its initial horizontal position was read by means 
of the pointers P, P which were attached to the respective 
sections of the anemometer-tube as shown, and which moved 
over tile circuh~r plate S of 8 laches diameter similarly 
amxed to the central sockot-tllbe K, and divided into degrees. 
V, V were ebouito blocks affixed to the a,lemometer-tubo in 
order to facilitate the rotation of the respective sections og 
the tube. The portions of the anemometer-tube in the 
neighbourhood or' the wires A and B for a distance of 
3 inches on either side of the wires were wrapped round with 
soft felt and the wives were inserted in a Wheatstone bridge 
in the manner detailed in the papers previously referred to. 
The co,stunt ratio arm was throughout lldjusted to 1000 ohms. 
The bridge current was adjusted to .my desired wdue and 
mairltained constant by means of a rheostat. Tile drop of 
potential across either wire was ascertained by means of a 
Weston voltmeter of resistance about 200 ohms, the indi- 
cations of which were correct to within 88 per cent. The 
resistances of the wires wore deduced therefrom, using the 
-r of the current employed in tile bridge. The te,Jipor- 
atures of the wires in any ease wore ascertained therefrom, 
employing the values of their respective resistances at 
al,mospheric temperature, determined by means of a Callen- 
dar and GrieSths bridge, and the value of the temperature 
coefficient of the portion of wire from which they were cut. 
Prec~mtions were taken to age the wires before measure- 
ments were ma~te. 
3B2 
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729 Dr. J. S. G. Thomas on a Null-Deflexion 
Experimental Results and Discussion. 
The following particulars refer to anemometer-tube R 3, 
used in the present investigation : -
Ratio arm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1000 ohms. 
Internal Diameter of Flow Tube . . . . .  2"039 cm. 
External Diameter of Flow Tube . . . .  2"238 cm. 
Internal Diameter of Shielding Tube. 0"242 cm. 
External Diameter of Shielding Tube. 0"419 cm. 
Mean Diameter of unprotected and 
protected wire . . . . . . . . . . . . . . . . . . . . . .  0"101 ram. 
Temperature coefficient of wire . . . . . . .  0"003588. 
Re. of exposed wire ((J=0"02 amp.) 0"2337 amp. 
Re. of shielded wire (C=0'02 amp.) 0"2445 amp. 
The whole of ttle flow system, including the anemo- 
meter-tube, was tested for leakage by closing the outlet and 
establishing "t pressure of 10'5 inches of water within the 
tube. At this pressure the leak was ascertained to be 0"06, 
cubic feet per hour. As the pressure in the flow tube during 
a series of calibrations never exceeded 0"1 inch of water, the 
leakage in the system is obviously extremely small and 
negligible. 
A series of determinations was made o[ the variation 
occurring in the values of the resistances of the respective 
wires, heated by various currents (1"5 to 0"9 amp.) with vari- 
ations in their inclinations to the horizontal. :No detectable 
variation with inclination occurred in the resistance of the 
shielded wire, for all values of the inclination from the 
horizontal to the vertical position. Subsequent investigation 
showed that any such wtriation as occurred was cerfainly 
less than 0"2 per cent. of tlle initial resistance of the wire. 
The enclosure shielding this wire appears, therefore, t~ 
have been of such dimensions that no appreciable con- 
vection current from the wire employed is set up therein 
when the heating current employed has any value up 
to 1"5 amp. The determination of the dimensions of a 
chamber wherein the fl'ee convection effect experienced 
by a fine heated wire is negligible is of importance in 
connexion with the design or" the katharometer*, and the 
method of rotation of the chamber as described affords a 
ready means of ascertaining the degree of elimination of such 
i~roe convection current in any given case. In the case of 
the exposed wire, considerable alteration of resistance 
* Daynes, Prec. Roy. Soc. A. vol. xcvii, p, 276 (1920). 
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Const(rnt C~trrent Type of Hot- Wire Anemometer. 721 
accompanied its rotation through successive angles from the 
horizontal to the vertical position. The magnitude of 
these variations when heating currents of from 0"9 to 1"5 
amp. were employed will be seen from fig'. 2, wherein are 
given the results for successive angles of inclination to the 
horizontul increasing by 10 ~ 'readings in each case being 
taken with the pointer indicating the same inclination to the 
right and left of its initial vertical position. The initial 
horizontal position of the exposed wire can be very accurately 
0"9 
. - - -~  l.S 
0"7 ~ I '~  
- ~- -~. ,  
0.~ 
> 
ng.2 
0"~ J I I I I I ! I I I ! I I I i I I ~ I a 
determined by employing the bridge as previously described. 
It is clear that if the bridge is ba]anced with the wire either 
horizontal or vertical, equal galvanometer deflexions are 
obtained on rotation of the exposed wire through the same 
angle in a clockwise or counter-clockwise direction. The 
temperature of the surroundings varied frmn 16~ to 
205"8 C. while the results shown in fig. 2 were being obtained. 
For the purposes of comparison it appeared desirable to 
reduce the experimental results to a uniform basis in which 
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722 Dr. J .  S. G. Thomas on a Nu l l -Def lex lon  
the temperature of tl~o surroundings of the enclosure con- 
taining the wire was 0 ~ An investigation of the depen- 
dence of the temperature of a fine platinum wire heated 
by a constant current within an enclosure, upon the 
surrounding temperature, showed that, in the present cas% 
no appreciable rror would be introduced by assuming that 
an increase in the temperature of the medium surrounding 
the enclosure containing the wire, is accompanied by an 
increase in the temperature of the heated wire equal to such 
increase of temperature.. The results plotted in fig. 2 have 
thus been deduced frmn the experimental results, a~suu,ing 
that the enclosure is surrounded by a medium at 0 ~ C. The 
values of the resistance and temperature of the wire in tho 
horizontal and vertical positions when heated by various 
currents, the surroundings being a~ 0 ~ C., are set out in 
Table I. herewith :~  
TABLE I. 
Heating 
Current 
(amp.). 
0"9 
1"0 
1"1 
1'2 
1'3 
1'4 
1"5 
Resistance ofWire 
(ohm). 
Wire Wire 
Horizontal. Vertical. 
R~. Rv. 
0"4189 0"4389 
0"4680 0"4950 
0"5273 0"5637 
0"5958 0"6350 
0"6692 0"7154 
07428 0"7936 
0"8260 0"8680 
Mean temperature of 
Wire (o O.). 
Wire Wire 
Korizontal Vertical. 
Oh. Ov. 
225 250 
288 822 
364 414 
456 510 
557 622 
663 738 
786 852 
Ratio~R~ 
1"048 
1.058 
1'069 
1"066 
1"069 
1"068 
1"050 
. Or--Oh 
(~ c.). 
25 
34 
50 
54 
65 
75 
66 
It  will be seen that on rotation of the wire from the 
horizontal to the vertical position, an increase of from 5 to 
6 per cent. occurs in the resistance of the wire. The 
accompanying increase in the temperature of the wire is 
shown in the 7th column. The temperatures 6h and 0" are 
probably correct o within 0"5 per cent. 
Employing the unshielded wire in the manner already 
described, a series of determinations was made 6f the angular 
rotation of the wire about the axis of the flow tube necessary 
in order to maintain a balanced condition of the bridge when 
the wire was subjected to the cooling action el a current of  
air moving with a determinable mean velocity in the tube, 
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Constant Current Type of Hot- Wire Anemometer. 723 
the bridge current being maintained constant meanwhile. 
The air stream was derived from a 5 cubic feet gas holder, 
and was controlled and its velocity determined in the manner 
detailed in previous papers. The results obtained employ- 
ing values of the bridge current ranging from 0"9 amp. to 
1"5 amp. are shown in fig. 3. The main features of the 
calibration curves are briefly as follows :--With gradual 
increase of the impressed stream from zero, the initial 
comparatively large rotation necessary to restore balance of 
the bridge is succeeded by a region of velocities for which 
the necessary rotation increases but slowly with increase in 
80 
7O 
eo 
o~ 
"ff 5o 
o_ 
4O 
ft. 
5 3o 
z 
C -0 -9  
J 
n 3. T 
1111 I l l l  
IO I.I 1'2 1"5 14 i.,' 
, i 
s / 
I I I I 
0 I 2 ,q. 
VELOCITY[CHS.PE'.R 5EC.VOLUHF_.5 REOUCE.DT00"C AND 76OHH.} 
the magnitude of the impressed velocity. With subsequent 
increase of the impressed velocity the necessary rotatio~ 
increases extremely rapidly. These characteristics of the 
calibration cm'ves are readily interpreted by reference to the 
inclination-resistance curves of fig. 2. It is seen that with 
continuous increase of the inclination of the wire to the 
horizontal, the resistance of the wire initially increases 
extremely slowly. With further rotation, the resistance 
increases comparatively rapidly until inclinations approaching 
the vertical are reached, when the rate of variation of 
resistance with inclination again becomes very small. The 
velocity-inclination curves (fig. 3) for inclinations of the 
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724 Dr. J. S. G. Thomas on a 2~ull-Deflexlon 
wire approaching verticality are seen to be practically 
perpendicular to the axis of velocities. These extremely 
steep portions of the calibration curves represent a condition 
of af~Mrs where the velocity of the impressed stream has 
attained such a value that the temperature of the resultant 
convection current from the wire differs very little from 
atmospheric, so that very little temperature change occurs 
in the wire on rotation. Moreover the fact that the con- 
vection current from the wire is of approximately uniibrm 
temperature over a region considerably wider than the 
diameter of the wire *, is a factor likewise operative in 
accentuating the steepness of the calibration curves in this 
region compared with their smaller inclination in the region 
of the origin. 
The curves in fig. 3. show that, employing a current of 
1"5 amp., the type of anemometer described may be usefully 
employed for the determination of velocities up tb about 
4"5 cm. per sec. The range of application diminishes with 
decrease in the bridge current employed. :For a current 
of 0"9 amp. the maximum velocity measurable with 
accuracy is about 2 cm. per sec. 
_Determination of the effective velocity of the .free convection 
current arising from the wire when inclined to the hori- 
zontal. 
As already remarked, the cooling effect, due to the free 
convection current, experienced by the heated unshielded 
wire in a position inclined to the horizontal is less than when 
the wire is horizontal. Such diminished cooling effect 
arises from the greater thermal shielding ini~uen~e afforded 
by the free convection current ill the case of the inclined 
wire, and may for purposes of calculation be ascribed 
to a diminution in the velocity of' the free convection 
current. The approximate values of such effective velocities 
under the conditions of the present experiments can be 
readily determined from the results represented in fig. 3. 
In the case of any one of the curves shown therein, the total 
heat-loss from the wire is the same for any point on th~ 
curve, as the points represent a balanced condition of the 
bridge. If, then, v0=effective locity of the free convection 
current with the wire horizontal, v,=the effective velocity 
of the same when the wire is inclined at an angle a to the 
* Prec. Phys. Soc. vol. xxxii. Part 5~ p. 301 (1920). 
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Constant Current Type of Hot- Wire Anemometer. 725 
horizontal, and if, moreover, V.=velocity of the impressed 
stream corresponding to the rotation a, we evidently have, 
since the total cooling effect experienced by the wire is the 
same in all cases, 
v , = J ~  2, 
assuming that the cooling effect due to the walls of the tube 
etc. is the same in all cases. This assumption ~ould be 
most strictly justified in the case of experiments carried out 
ill a channel of large dimensions compared with the length 
of the heated wire. Values of v0 appropriate to various 
temperatures of the heated wires in the present case were 
determined in the manner described in a previous paper ~. 
The present results are not strictly comparable with the 
results obtained in the previous paper owing to the differ- 
ences in the mounting of the wire, the diameter and lagging 
of the tube, also the difference in the diameter and temper- 
ature coefficient of the wires in the two cases. In each case, 
the velocity of the free convection stream, assuming the 
stream to be at the temperature of the wire, was found to be 
linearly related to the temperature of the wire, the relation 
being of the form V=x(~-20)where  V is the velocity of 
the free convection current, and 0 ~ C. the temperature of tt~e 
wire. While the determinations were being made, the mean 
atmospheric temperature was 20~ Evidence has pre- 
viously been given t that the free convection stream is not 
raised to the temperature of the wire owing to the existence 
of a stagnant gas fihn surrounding the wire. The effective 
velocity of the free convection stream, assuming its temper- 
ature to be T, the ~ire being horizontal and a~ temperature 
0, is, in the present case, given by the relation 
) 
For purposes of comparison with results previously given 
in various calibration curves, in which velocities have been 
recorded, assuming the impressed air stream to be at 0 ~ C., 
the values of the effective velocity of the free convection cur- 
rent for various inclinations of the wire have been calculated 
as already explained, taking the temperature of the stream as 
Phil. Meg. vol. xxxix, pp. 518-523 (]920). 
Ibid. pp. 531-534. See also Langmuir, Prec. Amer. Inst. Elec. Eng. 
xxxi. pp. 1011-1022. Trans. Amer. Electrochem. Soc. xxiii, p. 293 
(1918). 
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726 Dr. J .  S. G. Thomas on a _NuU-Deflexion 
0 ~ C. The results obtained are set out in Table I I .  here- 
with : -  
TABLE I I .  
Diameter of Wire 0"101 ram. 
Current (amp.). Temperature 
of Wire (~ C.) 
0'9 212 
1'0 279 
1"1 354 
1"2 445 
1'3 548 
1'4 651 
1"5 766 
:Effective ~eloeity of :Free Oonveetion 
Ourrentwhen Wire isinclined to ttori- 
zontal at Angle Specified (era. per see.)~ 
Temperature of Stream taken as 0 a C. 
0 o 10 o 20 ~ ~o 40 ~ ~o 
2'8 2"7 2"4 1'7 1'3 0 
3"3 3'2 2'9 2"0 1"5 1"0 
3"8 3"7 3"4 2'6 2"1 1"5 
4"2 4"1 3"8 2"8 2"1 1'5 
4'6 4"5 4"1 3"0 2"5 1'8 
4"9 4"7 4'1 3'1 2"6 1"8 
5"1 4"8 3"7 2'6 2"1 1"4 
I t  is clear that the nmnbers in the abova table are only 
of significance for comparative purposes, as the values of v0, 
given in the third column, were obtained by employing the 
tube in a vertical position, whereas the values of the respec- 
tive velocities given in the remaining columns are deduced 
therefrom, employing results obtained with the axis of the 
flow tube horizontal. The various results would be strictly 
comparable only in the case where the experiments were 
carried out in a channel whose dimensions were large com- 
pared with the length of the wire employed. Further, since 
dye= V-~ it is clear that the effect of an error in v0 upon 
the value of v~ deduced therefrom will be greater, the 
greater the inclination of the wire to the horizontal. Thus, 
an error of 0"1 cm. per sec. in the determination of v0 corre-  
sponding to a heating current of 1"5 amp. introduces an error 
of about 0"4 cm. per sec. in the deduced value of v~ at !t0 ~ 
For this reason, therefore, no great accuracy can be attributed 
to the absolute values of the velocities, relating more parti- 
cularly to large inclinations of the wire to the horizontal, 
contained in Table I I .  The curves yielded by the results in 
Table l I . ,  plotting velocities as ordinates against the re- 
spective inclinations as abscissm, resemble that obtained by 
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Constant Current Type of Hot-Wire Anemometer. 727 
King ~" for the relation of the convection constant ~0 to tl~e 
inclination of the wire. The results clearly indicate that 
very considerable r duction in the magnitude of' the effective 
velocity of the free convection current occurs when the wire 
is rotated from the horizontal to the vertical position. Such 
considerable reduction is to be a.nticipated from a com- 
parison of the results contained m a previous paper t, 
showing the variation of the resistance of a heated wire,. 
when subjected to an impressed downwardly-directed current 
of air, and the variation of the resistance of the wire when 
rotated from the horizontal to the vertic~A position given in 
Table I. The latter variation is of the same order of magni- 
tude as that in the previous work corresponding to complete 
elimination of the free convection effect in the case of a 
horizontal wire. The effective velocity of the free convection 
current corresponding to any inclination of the wire could 
be very accurately determined by experiments along these 
lines carried out in a wind channel. 
It has previously been pointed out ~: that an inversion in 
the respective sensitivities of an anemometer of the Morris 
~ype with horizontal wire, employing two different values 
of the heating current, occurs as the velocity of the impressed 
stream is gradually increased from zero, and that the velocity 
of the impressed stream corresponding to this point of inver- 
sion is larger, the larger the free convection current corre- 
sponding to the greater of the two heating currents concerned. 
A similar effect due ~oa decrease in the magnitude of the 
effective velocity of the free convection current, when the 
wire is rotated from the horizontal to the vertical position, 
is shown in fig. 4, wherein are given the forms of the cali- 
bration curves obtained employing currents of 1"5 and 10 
amp. in the anemometer bridge, the bridge in each case 
being balanced in the absence of an impressed flow of air 
with the unshielded wire (1) horizontal and (2) vertical, 
corresponding to the respective inclinations at which the 
wire was subsequently used. The galvanometer shunt was 
throughout equal to 27 ohms. It is seen that the vertical 
disposition of the wire affords the greater sensitivity (c/. 
curves A and C, or B and D), and that whereas in the 
case of the horizontal wire, the larger heating current 
affords the greater sensitivity only for velocities greater 
* Phil. Trans. A. loc. cir. p. 425. 
q" Phil. Mag. vol. xxxix, pl. xii. fig. ]3(1920). 
+ Phil. Mag. vol. xxxix, p. 515 (19-'20). 
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728 Dr. J. S. G. Thomas on a ~d l -1 )e f lex ion  
than 5"6 cm. (point P in diagram), with the vertical dis- 
position of the wire the inversion in the respective sensi- 
tivities corresponds toan impressed velocity of about 1"9 cm. 
per sec. These velocities are of the same order of magnitude 
as those given in Table II. for the respective ffective velo- 
cities of the, free convection current for the horizontal and 
vertical disposition of the wire when heated by a current 
of 1"5 amp. 
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The alteration in the value of the effective velocity of the 
free convection current occurring on rotation of the wire was 
utilized in the following manner to determine the magnitude 
of the velocity of the impressed stream of air for which the 
effect of the free convection current became neuligible in the 
case of a stream of air flowing horizontally. This matter has 
been considered theoretically by King*. Ill the present 
:Phil. Trans. A. loc. cir. p. 426. 
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Constant Current Type of Hot-Wire Anemometer. 729 
instance the bridge was balanced in the absenee of an 
impressed j~ow with the wi~'e disposed horizontally, and there- 
after calibration curves were determined with the wire 
disposed either horizontally or vertically, readings corre- 
sponding to the respective horizontal and vertieal dispositions 
being taken alternately for the same value of the impressed 
velocity of the air stream. Similar determinations were 
then made with the bridge balanced in the absence of an 
impressed flow with the wire disposed vertically. The 
temperature of the wire corresponding to the various flows 
?y 
/ 
9 - . ~ , , , I + ~  
. t~m:to 10 C~maAW.D 
z II I I I1~ I I f ' 
o i~  ~ ~ ,ex)o 50O 
OF FLEC ' I ' IO~ 
was determined in the manner previously described. Cali- 
bration curves were determined employing values of the 
heating current ranging from 0"9 to 1"5 amp. They all 
showed the characteristic features of the curves drawn in 
fig. 5, whidh gives the results obtained when a heating current 
of 1"000 amp. was used in the bridge. A difference of 
1 scale division in the respective deflexions when the wire 
was disposed vertically or horizontally could be detected 
with ease. With the exception of the velocity corresponding 
to tha point Q, the points P obviously correspond to a 
minimum value of the impressed velocity for which the 
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730 Dr. J. S. G. Thomas on a .Nul l -Def lexion 
deflexion is independent of the inclination of the wire, and 
consequently; in accordance with what has preceded, or' the 
magnitude of the velocity of the free convection current. 
Velocities between timse represented by the points P and Q 
can be determined from the calibration curve, irrespec- 
t ive of the inclination of' the wire, and hence of the free 
convection cm'rent, with a possible percentage rror not 
exceeding 6 per cent. ~lho results obtained, using the 
respective ]aeating currents mentioned, are summarized in
Table. III. The respective temperatures of the wire in the 
horizontal and vertical positions in the absence of fl,>w are 
contained in Table I. (fourth and fifth columns respectively). 
TABLE I I I .  
Temperature of 
Wire corre- 
sponding to point 
fIeating I ) (fig. 5), for Impressed re- Temperature hnpressed ve- 
~:zrrent which tile de- /oeity eorre- of wire eorre- loeity corre- 
(amp.). tierion is inde- spending to 1 ). spending to spending to Q. 
pendent of incli- point Q,(fig. 5). 
nation of wire. 
Op (o C.). (era. per see.). Oq (o C.). (cal. per sec.). 
0 9 179 7 "215 3'7 
1"0 233 9 278 4"0 
1"1 281 11 352 4"5 
1"2 33 l 13 439 5"0 
1"3 390 15"5 538 5"6 
1 '4 470 18'5 633 6'3 
1"5 5:t7 22"0 757 6'8 
The results obtained in this table and in columns 4 and 5 of 
Table I. indicate that the velocity V v corresponding to the 
I,oin~ P, for which tile deflexion is i/adependent of the 
inclination of the wire, is related to the corresponding 
temperatures 0p, 0k, and 0r of the wire by the empirical 
relations, 
Vp=O.OlOOp =0"029~, =0"0260,. 
The corresponding empirical relation in the ease of the 
points represented by Q is 
V~ = 0'0060 0~ + 2"4---- 0"0057 0~ + 2"4 
=0"0052 00+2"4. 
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Constant-Current 7l~pe of Hot- Wire Anemometer. 73l 
Finally, in fig. 6 are given the forms of the calibration 
curves obtained employing a heating current of 1"3 amp. in 
the bridge for various inclinations (specified in the diagram) 
of the wire to the horizontal. The bridge was in every case 
initially balanced in the absence of an impresed flow and the 
galvanometer shunt adjusted throughout to 4 ohms. The 
diminished influence of the free convection current upon 
C" I'$A/'IR OlAPfl['I'I~o~WIRE$ O'lOI PLH. 
13 BRIDGI: I1#LANCF.,.D WITH WIRIESg~'UNEI) 
"i'D HORiZ, OIT~I. AT R,$ 5PECTIVs A.~Lr $ 
:~ ~'WN.  
0 . /  
9 j 
o 
e r 
/7" ag.6 
I I I I  I I I I  I I I I  I I I I  
0 I00 ~ 300 
DER.s 
~0" 
45" ,~, 
-jljo 
J i l l  i l  
4O0 50O 
the form of the calibration curve as the wire is more inclined 
to the horizontal is clearly brought out by the curves, the 
initial steep portion of the curves becoming continually less 
pronounced as the inclination of the wire to the horizontal 
is increased. Excluding these initial portions, the curves 
are seen to be practically parallel to one another. 
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732 Constant Current Type of Hot-Wire Anemometer. 
The research detailed herein was carried out in the 
Physical Laboratory of the South Metropolitan Gas Co. 
Mr. W. H. B. Hall assisted in the experimental part of the 
work. 
The author desires to express to Dr. Charles Carpenter, 
G.B.E., M.I .C.E, his sincerest thanks ior his unfaiiing 
readiness to provide all facilities for carrying out the work, 
and for his inspiring interest in the investigation. 
A form of hot-wire anemometer is described in which the 
heating current is maintained constant, and the cooling 
effect experienced by the exposed wire duo to a small 
impressed velocity of the gas stream, compensated by alter- 
ation of the inclination of the wire from its initial horizontal 
position. The limits of application of such a device are 
shown by a series of calibration curves, in which the neces- 
sary alteration is plotted against the value ~)f the impressed 
vel,city, for values of the heating current ranging from 
0'9 to 1"5 amp. The results are employed to deduce the 
value of the effective free convection current corresponding 
to any given inclination of the wire when heated by the 
respective lectric currents. The alteration in the effective 
velocity of the free convection current accompanying alter- 
ation ill the inclination of the wire is utilized to determine 
the inferior limit of tim value of the impressed velocity of 
the stream for which the effect of the free convection current 
may be safely neglected. Empirical linear formulse are 
obtained relating such limiting velocities to the temperature 
of the wire. The effect of the free convection current upon 
the form of the calibration curves is illustrated by ret~erence 
to the forms of the curves obtained employing two values of 
the heating current for both the horizontal and vertical dispo- 
sitions of the wire, and for various inclinations of the wire 
employing a constant heating current. 
Physical Laboratory, 
South Metropolitan Gas Company, 
709 Old Kent Koad~ S.E. 
17 Jan., 1921. 
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